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1. 

GENERATING POWER IN A WELL 

BACKGROUND 

The invention generally relates to generating electrical 
power in a well. 
One of the primary challenges in intelligent well comple 

tions is the reliable delivery of power to downhole electronics, 
Such as the electronic components of valves, sensors, telem 
etry modules, etc. One conventional Solution involves the use 
of permanent cables to establish hard wired connections 
between the downhole electronics and power supplies that are 
typically located at the surface of the well. 

Alternatively, other electronic systems have been pro 
posed, such as the use of wireless devices. There are advan 
tages to using wireless devices in a well. However, in order for 
a device to be truly wireless, its power supply must be local 
ized. In other words, the power supply for the wireless device 
must be located downhole either in proximity to or incorpo 
rated in the device. One way to provide power to a downhole, 
power consuming wireless device is to dispose a stored 
energy source. Such as a battery, in or near the device. How 
ever, challenges associated with battery technology limit how 
much energy may be stored. In addition, the battery may have 
a relatively short expected lifetime, as compared to the 
expected lifetime of the wireless device and other downhole 
components, necessitating costly interventions or other 
replacement operations. 

Thus, there exists a continuing need for better ways to 
Supply power to downhole components in a well, although 
embodiments of the invention may not be limited to satisfying 
this exemplary need. 

SUMMARY 

In an embodiment of the invention, an apparatus that is 
usable with a well includes an operator and a generator. The 
operator is disposed in the well to respond to a differential 
pressure between hydraulically isolated Zones of the well to 
produce mechanical motion. The generator is disposed in the 
well to convert the mechanical motion of the operator into 
electricity. 

In another embodiment of the invention, a technique that is 
usable with a well includes maintaining hydraulic isolation 
between Zones of a well and while maintaining the hydraulic 
isolation, producing a mechanical motion in response to a 
differential pressure between the Zones. The technique 
includes generating electricity in response to the produced 
mechanical motion. 

Advantages and other features of the invention will become 
apparent from the following drawing, description and claims. 

BRIEF DESCRIPTION OF THE DRAWING 

Certain embodiments of the invention will hereafter be 
described with reference to the accompanying drawings, 
wherein like reference numerals denote like elements. It 
should be understood, however, that the accompanying draw 
ings illustrate only the various implementations described 
herein and are not meant to limit the scope of various tech 
nologies described herein. The drawings are as follows: 

FIG. 1 is a schematic diagram of a well according to an 
example; 

FIG. 2 is a flow diagram depicting a technique to generate 
electrical power downhole in a well according to an example: 
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2 
FIGS. 3 and 4 are schematic diagrams illustrating down 

hole power generation systems according to different 
examples; 

FIG. 5 is a front view of a valve of a power generation 
system according to an example; 

FIG. 6 is a side view of the valve of FIG. 5 according to an 
example, and 

FIG. 7 is a cross-sectional view taken along line 7-7 of FIG. 
5 according to an example. 

DETAILED DESCRIPTION 

In the following description, numerous details are set forth 
to provide an understanding of the present invention. How 
ever, it will be understood by those skilled in the art that the 
present invention may be practiced without these details and 
that numerous variations or modifications from the described 
embodiments are possible. 

In accordance with systems and techniques that are 
described herein, electrical power is harvested downhole in a 
well using a pressure differential that exists between two 
hydraulically isolated Zones. As non-limiting examples, the 
Zones may be a first Zone located on the inside of a production 
tubing string and a second Zone located on the outside of the 
production tubing string; the Zones may be disposed on oppo 
site sides of a packer, etc. As described below, a power gen 
eration system may include a mechanical operator that is 
driven in response to the pressure differential, and a generator 
of the system that generates electrical power in response to 
the mechanical motion of the operator. 
The power generation that is described herein may have 

one or more of the following advantages. The power genera 
tion may be controllable such that the power generation sys 
tem may be completely stopped if power generation needs to 
behalted. Unlike turbines, the systems and techniques that are 
disclosed herein do not require a continuous fluid flow (i.e., 
which is not possible in a suspended or shut in well for 
example). Instead, the cycling frequency of the mechanical 
operator may be controlled for purposes of optimizing both 
the efficiency and the overall performance of the power gen 
eration system. Other and different advantages may be 
achieved in accordance with other examples. 

Turning now to a more specific example, a well 10 (see 
FIG. 1) in accordance with an example includes a wellbore 20 
that extends through one or more producing formations. The 
wellbore 20 may or may not be cased, and as such, the well 
bore 20 may or may not be lined with a casing string 22 that 
supports the wellbore wall. Although a vertical wellbore is 
depicted in FIG. 1, it is understood that the wellbore may 
alternatively be a lateral or highly deviated wellbore, as the 
techniques and systems that are disclosed herein may be used 
in variety of different types of applications and wellbores. 
As depicted in FIG. 1, a tubing string 23 (e.g., Such as a 

production tubing string, for example) extends downhole into 
the wellbore 20 and includes at least one tool 70 configured 
for the purposes of performing a downhole function. As non 
limiting examples, the tool 70 may be a flow control valve, 
inflow control valve, formation isolation valve, sampling 
device, a wireless telemetry unit, or a sensor. Regardless of its 
function, the tool 70 consumes electrical power and this 
power is provided by a downhole power generation system 40 
that is located in close proximity to the tool 70. Depending on 
the particular implementation, the power generation system 
40 may or may not be a modular sub that is constructed to be 
installed and removed from the tubing string 23 as a unit. 
The power generation system 40 harvests power from a 

pressure differential that exists between two hydraulically 
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separated Zones of the well 10. As non-limiting examples, 
these Zones may be zones 25 and 27 that are located on 
opposite sides of a packer 34 of the tubing string 23. However, 
the pressure differential may be derived from other hydrauli 
cally isolated Zones, such as a first Zone inside of the tubing 
string 23 and a second Zone outside of the tubing string 23. 

Regardless of the source of the pressure differential, the 
power generation system 40 is configured to respond to the 
pressure differential by generating a mechanical motion, 
which a generator 63 of the system 40 converts into electrical 
power. As a non-limiting example, the generator 63 may 
generate its electrical power as a result of electrical induction 
that is caused by relative motion in a magnetic field. As 
described further below, the relative motion in the magnetic 
field may be generated by movement of a mechanical opera 
tor of the power generation system 40. 
More specifically, as a non-limiting example, in some 

implementations, the mechanical operator is a piston 62 that 
mechanically translates in response to alternating pressures 
that are applied on opposite sides of the piston 62 due to the 
operation of valves 60. Although both sides of the piston 62 
are exposed to the isolated Zones in an alternating fashion, the 
piston 62 maintains the hydraulic isolation between the 
ZOS. 

Among its other features, in accordance with some imple 
mentations, the power generation system 40 may include a 
controller 66 to regulate the overall generation of power pro 
duced by the power generation system 40. In this regard, some 
or all aspects of how the controller 66 regulates the power 
generation may be, for example, remotely controlled (e.g., 
such as wirelessly controlled through remote stimuli such as 
pressure pulses, acoustic waves, electromagnetic (EM) 
waves, etc.) from the surface or other locations of the well 10. 
In other arrangements, the controller 66 may independently 
and autonomously control aspects of the power generation 
based on feedback of voltages and/or currents that are the 
result of the power generation, sensed downhole conditions, 
feedback from the individual power consuming devices, the 
overall power being demanded by the power consuming 
loads, etc. As non-limiting examples, the controller 66 may 
include a microcontroller and/or microprocessor that 
executes software instructions to perform some of the above 
described functions and/or the controller 66 may include 
hardwired circuitry configured to perform at least some of 
these functions. 

In general, the controller 66 may be designed to regulate 
the operation of the valves 60 for purposes of controlling the 
cycling frequency of the piston 62. Depending on the imple 
mentation, the controller 66 may, based on sensed feedback 
from the power generation system 40, feedback from the well 
Surface, or feedback from the power consuming devices, 
change the operating frequency of the piston 62 in order to 
optimize the power generation system's 40 overall perfor 
mance, control the charging and draining modes of power 
storage devices 64, as well as provide health monitoring of the 
various system components. The controller 66 may also be in 
communication with the surface of the well via wired or 
wireless telemetry for purposes of receiving commands and 
other information, Such as a command to change the operat 
ing frequency, a command to start up power generation, a 
command to shut down power generation, a status inquiry, 
etc. Furthermore, the controller 66 may control power condi 
tioning circuitry (not depicted in FIG. 1), which receives the 
electrical output of the generator 63 and converts the output 
into a proper AC or DC form required by the corresponding 
power consuming loads, such as the tool 70. 
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4 
The power generation system 40 may further include other 

features such as electrical storage 64. As a non-limiting 
example, the electrical storage 64 may include one or more 
batteries, capacitors, etc., for Such purposes as storing excess 
energy that is produced by the power generation system 40, 
regulating the output of the power generation system 40, and 
stabilizing the delivery of the power to the downhole power 
consuming loads. The electrical storage 64 may also provide 
electrical power to power consuming components of the 
power generation system 40, Such as the controller 66 and 
valves 60, as non-limiting examples. 

It is noted that FIG. 1 depicts merely an illustrative 
example of one out of many possible implementations of the 
power generation system 40, as one of skill in the art would 
appreciate numerous variations from the exemplary power 
generation system 40, such as implementations in which the 
power generation system 40 is a standalone unit that is not 
part of a tubular string; inclusion of the power generation 
system 40 in a side pocket of a string; incorporation of the 
power generation system 40 directly into a particular down 
hole tool; etc. Thus, many variations are contemplated and are 
within the scope of the appended claims. 

Referring to the exemplary flowchart depicted in FIG. 2, a 
technique 100 may be used for purposes of generating down 
hole power. In Summary, hydraulic isolation is maintained 
between Zones of a well, pursuant to block 102, and mechani 
cal motion is produced in response to the differential pressure 
while the hydraulic isolation is maintained, according to 
block 104. Electricity is generated, pursuant to block 106, in 
response to the mechanical motion. 

In accordance with some implementations, the powergen 
eration system 40 may, in general, have a design that is 
depicted in FIG. 3. Referring to FIG. 3 in conjunction with 
FIG. 1, in this implementation, the power generation system 
40 includes four solenoid valves 60 (solenoid valves 60, 60, 
60 and 60 specifically), which control the application of 
pressure to the piston 62 for purposes of cycling the piston 62. 
More specifically, for the implementation that is depicted in 
FIG. 3, the pressures used to drive the pistons 62 are derived 
from pressure Zones 210 and 214. The piston 62 is disposed in 
a piston chamber 205 such that a first variable volume cham 
ber 202 is created on one side of the piston 62 and a second 
variable volume chamber 204 is created on the other side of 
the piston 62. It is noted that the piston 62 and chamber 205 
are depicted in schematic form in FIG.3 and the proceeding 
figures, as one of skill in the art would recognize that the 
piston 62 and piston chamber 205 may actually be annular in 
design, with the central passageway of the tubing string 23 
extending there through. 

For the illustrative example depicted in FIG. 3, the genera 
tor 63 is formed from a combination of magnets 67 that are 
embedded in the piston 62 and a corresponding coil 209 that 
extends around the chamber 205. Due to this arrangement, 
movement of the piston 62 (i.e., and related movement of the 
magnets 67) induces a corresponding electrical Voltage on the 
coil 209. The voltage may possibly be conditioned (converted 
into DC, changed in frequency, converted to a different AC 
Voltage, etc.) by circuitry (not shown) of the power generation 
system 40 before being used to charge the electrical storage 
64 (FIG. 1) or being furnished to an electrical load. 
The valves 60 apply the differential pressure between the 

pressure Zones 210 and 214 across the piston 62 in an alter 
nating fashion to drive the piston 62 in a cycle. More specifi 
cally, for the implementation that is depicted in FIG. 3, the 
valves 60 and 60 facilitate the application of pressure from 
pressure Zone 210 to the respective chambers 202 and 204; 
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and the valves 60 and 60 facilitate the application of pres 
sure from pressure Zone 214 to the respective chambers 202 
and 204. 
As an example, for a particular half cycle, the controller 66 

may operate the valves 60 in the following manner. It is noted 
that for the exemplary valves depicted in FIG.3, each valve 60 
may be normally configured as closed, and in this non-actu 
ated state, the valve 60 does not couple the associated pres 
sure Zone to the associated chamber. Referring to FIG. 1 in 
conjunction with FIG. 3, in order to drive the piston 62 from 
left to right (for the orientation depicted in FIG. 3), the con 
troller 66 actuates valve 60 to couple the pressure Zone 210 
and chamber 202, and valve 60 to communicate pressure 
from the pressure Zone 214 to chamber 204. In some cases, 
the controller may simultaneously actuate two or more valves 
60, in other cases, the valves 60 may be actuated individually 
in order to reduce the peak electrical load of the power gen 
eration system 40. Furthermore, for the examples that are 
described herein, it is assumed that the pressure of the pres 
sure Zone 210 exceeds the pressure of the pressure Zone 214, 
and the differential is enough to overcome any frictional, 
inertial, or other forces that would otherwise prevent or 
inhibit the piston 62 from translating relative to the coil 209. 
Therefore, during one half cycle, the piston 62 moves left to 
right as the volume of chamber 204 is reduced and the volume 
of the chamber 202 is increased. 

For a subsequent half cycle, the controller 66 ceases actua 
tion of the valves 60 and 60 and actuates the valves 60, and 
60 either individually or simultaneously. Due to the actua 
tion by the controller 66, the valve 60, communicates pres 
sure from the pressure Zone 214 to the chamber 202, and the 
valve 60 communicates pressure from the pressure Zone 210 
to the chamber 204. In response to these applied pressures, the 
piston 62 travels in the opposite direction (from right to left as 
seen in FIG. 3), thereby reducing the volume of the chamber 
202 and increasing volume of the chamber 204. The above 
described process repeats by alternating actuation of the set of 
valves 60 and 60 with the set of valves 60 and 60 to cycle 
the piston 62. This cycling, in turn, causes the coil 209 to 
move through the magnetic fields of the magnets 67, thereby 
inducing a voltage on the coil 209 and generating electricity. 

It is noted that the implementation that is depicted in FIG. 
3 is one out of many possible implementations, as can be 
appreciated by one of skill in the art. For example, in accor 
dance with some implementations, the power generation sys 
tem 40 that is depicted in FIG.3 may be replaced by a power 
generation system 250 that is depicted in FIG. 4. The power 
generation system 250 replaces the four solenoid valves 60 of 
FIG. 3 with a single four-way, two-position hydraulic control 
valve 260. The hydraulic control valve 260 may still be con 
trolled by a controller 66 (see FIG. 1). 

In general, the valve 260 has two states: a first state (as 
shown in FIG. 4) in which the valve 260 facilitates commu 
nication of fluid pressure between the pressure Zone 214 and 
the chamber 202 and communication of fluid pressure 
between the pressure Zone 210 and the chamber 204; and a 
second state in which the valve 260 facilitates communication 
of pressure between the pressure Zone 210 and the chamber 
202 and communication of pressure between the pressure 
Zone 214 and the chamber 204. Thus, the valve 260 is in one 
particular state for a given half cycle, and then Switched to the 
other state for the next half cycle. 

For purposes of increasing the reliability of the power 
generation system, in accordance with some implementa 
tions, the control valve as well as the power generation piston 
may be designed to be debris tolerant and exhibit minimal 
wear. In order to accomplish this, the piston assembly may 
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6 
include a bellows system or debris-tolerant dynamic seals for 
example. As a further example, the hydraulic control valve 
may include shear seals, such as in the illustrative implemen 
tation depicted in FIG. 5. 

Referring to FIG. 5, in some cases a four-way, two-position 
hydraulic control valve 300 may be used in place of the valve 
260 of the embodiment shown in FIG. 4. The valve 300 may 
include a stationary manifold plate 304 and a distribution 
plate 320 that rotates relative to the manifold plate 304 about 
an axis 301. Referring to FIG. 6 along with FIG. 5, the 
manifold plate 304 includes four ports 310,312,314 and 316, 
which may be respectively connected to pressure Zone 210, 
chamber 202, chamber 204 and pressure Zone 214, in this 
example. Further referencing FIG. 7 in conjunction with 
FIGS. 5 and 6, rotation of the distribution plate 320 about the 
axis 301 alternately connects the pressure Zones 210 and 214 
with the chambers 202 and 204 on either side of the piston 62 
(see FIG. 4). In this regard, the distribution plate 320 may 
have passageways such as arcuate channels 330 and 332, each 
of which may connect a particular chamber 202, 204 and a 
particular pressure Zone 210, 214, depending on the angular 
orientation of the plate 320. 
More particularly, for the exemplary orientation of the 

distribution plate 320 shown in FIG. 7, the channel 330 estab 
lishes fluid communication between the pressure Zone 210 
and the chamber 202, and the channel 332 establishes fluid 
communication between the pressure Zone 214 and the cham 
ber 204. Rotation of the distribution plate 320 through 90° 
(e.g., in a clockwise direction for example) changes the con 
nections so that the channel 330 establishes fluid communi 
cation between the pressure Zone 214 and chamber 202, and 
the chamber 332 establishes fluid communication between 
the pressure Zone 210 and the chamber 204. Thus, the con 
nections alternate for each quarter turn of the distribution 
plate 320. 

It is noted that rotation of the distribution plate 320 may be 
accomplished in many different ways. As a non-limiting 
example, in some cases the distribution plate 320 may be 
turned by an electric motor (not shown) that is controlled by 
the controller 66. The electric motor may receive power from 
the stored energy source 64. In Such a situation, the rotational 
speed of the motor will correspond to the frequency of move 
ment of the piston 62 (see FIG. 4) 
As can be appreciated by the skilled artisan having the 

benefit of this disclosure, other implementations of hydraulic 
control valves, mechanical operators, and generators are pos 
sible and are within the scope of the appended claims. 

Elements of the embodiments have been introduced with 
either the articles “a” or “an.” The articles are intended to 
mean that there are one or more of the elements. The terms 
“including and “having are intended to be inclusive such 
that there may be additional elements other than the elements 
listed. The term 'or' when used with a list of at least two 
elements is intended to mean any element or combination of 
elements. In the specification and appended claims: the terms 
“connect”, “connection”, “connected”, “in connection with', 
“connecting”, “couple”, “coupled”, “coupled with, and 
“coupling” are used to mean “in direct connection with or 
“in connection with via another element'; and the term “set' 
is used to mean “one element” or “more than one element'. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled in 
the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations there from. It is 
intended that the appended claims cover all such modifica 
tions and variations as fall within the true spirit and scope of 
this present invention. 
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What is claimed is: 
1. An apparatus usable with a well, comprising: 
an operator disposed in the well and configured to respond 

to a differential pressure between hydraulically isolated 
Zones of the well to produce mechanical motion; 

a generator disposed in the well and configured to convert 
the mechanical motion into electricity; 

a piston; 
at least one valve coupled to the piston; and 
a housing translatable containing the piston, in which the 

piston defines a first chamber on one side of the piston 
and a second chamber on another side of the piston, 
wherein: 

the mechanical motion is produced by said at least one 
valve alternately controlling application of the differen 
tial pressure across the piston, resulting in movement of 
the piston; 

the hydraulically isolated Zones comprise a first Zone and a 
second Zone; 

the at least one valve is adapted to alternate facilitation of 
communication between the first and second Zones and 
the first and second chambers; and 

wherein the at least one valve comprises a first pair of 
valves coupled to the first chamber and respectively 
coupled to the first and second Zones and a second pair of 
valves coupled to the second chamber and respectively 
coupled to the first and second Zones. 

2. The apparatus of claim 1, further comprising: 
energy storage disposed downhole and configured to pro 

vide power to operate said at least one valve. 
3. The apparatus of claim 1, wherein said at least one valve 

comprises: 
a manifold having openings in communication with the 

first and second chambers and the first and second Zones; 
and 

a distributor configured to rotate the manifold to alternate 
communication of pressures between a first state in 
which the first chamber is coupled to one of the first or 
second Zones and the second chamber is coupled to 
another of the first or second Zones, and a second state in 
which the first chamber is coupled to the other of the first 
or second Zones and the second chamber is coupled to 
the one of the first or second Zones. 

4. The apparatus of claim 1, the apparatus further compris 
ing: 

a packer, and 
wherein the hydraulically isolated Zones are hydraulically 

isolated by the packer. 
5. The apparatus of claim 1, the apparatus further compris 

ing: 
a string comprising the operator and the generator; and 
wherein the hydraulically isolated Zones comprise a first 

Zone outside the string and a second Zone inside the 
String. 

6. The apparatus of claim 1, further comprising: 
a controller disposed downhole to regulate the generation 

of the electricity. 
7. The apparatus of claim 1, further comprising: 
energy storage to store energy in response to receiving the 

generated electricity. 
8. The apparatus of claim 1, further comprising: 
a tool disposed downhole in the well to receive power 

derived from the conversion of the mechanical motion 
into electricity. 
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9. The apparatus of claim 8, wherein the tool comprises at 

least one of the following: 
a valve, a sensor and a telemetry module. 
10. The apparatus of claim 8, wherein the tool comprises at 

least one of the following: 
a valve, a sensor and a telemetry module. 
11. The apparatus of claim 1; the apparatus further com 

prising: 
a packer; and 
wherein the hydraulically isolated Zones are hydraulically 

isolated by the packer. 
12. The apparatus of claim 1, the apparatus further com 

prising: 
a string comprising the operator and the generator; and 
wherein the hydraulically isolated Zones comprise a first 

Zone outside the string and a second Zone inside the 
String. 

13. The apparatus of claim 1, further comprising: 
a controller disposed downhole to regulate the generation 

of the electricity. 
14. The apparatus of claim 1, further comprising: 
energy storage to store energy in response to receiving the 

generated electricity. 
15. The apparatus of claim 1, further comprising: 
a tool disposed downhole in the well to receive power 

derived from the conversion of the mechanical motion 
into electricity. 

16. An apparatus usable with a well, comprising: 
an operator disposed in the well and configured to respond 

to a differential pressure between hydraulically isolated 
Zones of the well to produce mechanical motion; 

a generator disposed in the well and configured to convert 
the mechanical motion into electricity; 

a piston; 
at least one valve coupled to the piston; and 
a housing translatably containing the piston, in which the 

piston defines a first chamber on one side of the piston 
and a second chamber on another side of the piston, 
wherein: 

the mechanical motion is produced by said at least one 
valve alternately controlling application of the differen 
tial pressure across the piston, resulting in movement of 
the piston; 

the hydraulically isolated Zones comprise a first Zone and a 
second Zone; 

the at least one valve is adapted to alternate facilitation of 
communication between the first and second Zones and 
the first and second chambers; 

the at least one valve comprise a four way, two position 
valve, coupled to the first and second chambers and the 
first and second Zones; and 

wherein a first position of the four way, two position valve 
couples the first chamber to one of the first or second 
Zones, and the second chamber to another of the first or 
second Zones, and a second position of the four way, two 
position valve couples the first chamber to the other of 
the first or second Zones and the second chamber to the 
one of the first or second Zones. 

17. The apparatus of claim 16, further comprising: 
energy storage disposed downhole and configured to pro 

vide power to operate said at least one valve. 
18. The apparatus of claim 16, wherein said at least one 

valve comprises: 
a manifold having openings in communication with the 

first and second chambers and the first and second Zones; 
and 
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a distributor configured to rotate the manifold to alternate 
communication of pressures between a first state in 
which the first chamber is coupled to one of the first or 
second Zones and the second chamber is coupled to 
another of the first or second Zones, and a second state in 
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which the first chamber is coupled to the other of the first 
or second Zones and the second chamber is coupled to 
the one of the first or second Zones. 


